ild traumatic brain injury (mTBI) has been increasingly recognized as a public health issue as public awareness of contact sport and combat injuries increases. [9] [10] [11] 15 It may include diagnoses such as concussion, linear skull fracture, and traumatic subarachnoid hemorrhage. In pediatric patients, mTBI should be given special attention because significant injury can occur with lower energy impact. During the last decade, the rate of emergency department visits for sports-and recreation-related injuries in which a diagnosis of concussion or mTBI was made, alone or in combination with other injuries, rose by 57% among children and adolescents age obJective Concerns about mild traumatic brain injury (mTBI) have increased in recent years, and neurosurgical consultation is often requested for patients with radiographic abnormalities or clinical findings suspicious for mTBI. However, to the authors' knowledge, no study has used the Acute Concussion Evaluation (ACE) tool to systematically evaluate the evolution of symptoms in patients with mTBI during neurosurgical follow-up. The goal in this study was to evaluate symptom progression in pediatric patients referred for neurosurgical consultation by using the ACE, as endorsed by the Centers for Disease Control and Prevention. MethoDs The authors performed a retrospective review of records of consecutive pediatric patients who had presented to the emergency department, were diagnosed with possible mTBI, and were referred for neurosurgical consultation. Outpatient follow-up for these patients included serial assessment using the ACE. Data collected included the mechanisms of the patients' injuries, symptoms, follow-up duration, and premorbid conditions that might potentially contribute to protracted recovery. resUlts Of 91 patients identified with mTBI, 58 met the inclusion criteria, and 33 of these had sufficient follow-up data to be included in the study. Mechanisms of injury included sports injury (15 patients), isolated falls (10), and motor vehicle collisions (8). Ages ranged from 5 to 17 years (mean age 11.6 years), and 29 of the 33 patients were male. Six patients had preinjury developmental and/or psychiatric diagnoses such as attention deficit hyperactivity disorder. Seventeen had negative findings on head CT scans. The first follow-up evaluation occurred at a mean of 30 days after injury. The mean number of symptoms reported on the ACE inventory at first follow-up were 3.2; 12 patients were symptom free. Patients with positive head CT findings required longer follow-up: these patients needed 14.59 weeks, versus 7.87 weeks of follow-up in patients with negative findings on head CT scans (p < 0.05). conclUsions The data suggest that patients with mTBI, particularly those with developmental and/or psychiatric comorbidities and concurrent cerebral or extracranial injury, often report symptoms for several weeks after their initial injury. Serial ACE assessment permits systematic identification of patients who are experiencing continued symptoms, leading to appropriate patient management and referral.
19 years or younger. 3 Falls and blunt trauma caused 55% and 24% of TBIs, respectively, in children younger than 15 years. Motor vehicle crashes were the third overall leading cause of TBI, and assaults were responsible for 3% of TBIs in this age group. 3 Neurosurgical consults are often requested when there is radiographic evidence of cerebral or calvarial injury, and neurosurgeons are often the providers who follow the patient after the acute hospitalization or emergency room visit. As a result, it is crucial for neurosurgeons to have an understanding of the follow-up outcomes and management of pediatric patients with mTBI to provide appropriate patient recommendations, referrals, and safe return to school as well as return to play in sports, if applicable. Tools such as the Sport Concussion Assessment Tool, 3rd edition (SCAT3), Child Sport Concussion Assessment Tool, 3rd edition (Child SCAT3) and Immediate Postconcussion Assessment and Cognitive Test (ImPACT) have been used to evaluate athletes and guide return to play. However, many children are not seen in the context of sports injuries, or are too young for these tools to be meaningful in guiding the clinician in the context of return to school and playground activities.
The "Heads Up: Brain Injury in Your Practice" toolkit available through the Centers for Disease Control (CDC) website offers a number of resources for dealing with concussion in both sport and nonsport contexts. Among the tools available in the public domain for health care providers are the Acute Concussion Evaluation (ACE) tools. Two versions of this tool are available-one for use in emergency departments and the other for physician/clinician office use. These tools collect information on the following: 1) injury characteristics; 2) a symptoms checklist divided into physical, cognitive, emotional, and sleep disorders problems; and 3) risk factors for protracted recovery such as history of previous concussion, headache history, or presence of developmental or psychiatric comorbidities. To our knowledge, no study has systematically evaluated symptoms using the physician/clinician office use version of the ACE tool during follow-up in patients with mTBI requiring neurosurgical consultation.
The goals of this study were as follows: 1) to evaluate physical, cognitive, emotional, and sleep symptoms in pediatric patients with mTBI by using serial ACE assessments; 2) to determine the impact of developmental and psychiatric history on mTBI recovery; 3) to examine the effect of cerebral or calvarial injury on mTBI recovery; and 4) to demonstrate the feasibility and utility of using ACE assessments for symptom comparison over time.
Methods
The study protocol was approved by the institutional review board at Indiana University School of Medicine. Data were collected as part of a retrospective chart review of children with mTBI. Initially, 91 pediatric patients cared for by the senior author who had presented to the Riley Hospital for Children's Emergency Department in Indianapolis, Indiana, and who were consecutively admitted with International Classification of Disease (ICD) codes for mTBI of 850.0, 850.1, 850.9, and 854 requiring neurosurgical consultations in 2012 and 2013 were included (Table 1). Patients were identified by the ICD code assigned at the time of admission by the senior author. Criteria for assigning the codes 850.0, 850.1, and 850.9 were the presence of any alteration in consciousness or altered assessment of mentation. The ICD code 854 was also searched to capture any other patients who might have been missed, or who might not have exhibited early symptoms.
Inclusion criteria were 1) age at injury 5 to 18 years; 2) documentation of mTBI diagnosis on presentation to the Riley Hospital for Children's Emergency Department or another hospital emergency department, if transferred; 3) documentation of a neurosurgical consult; and 4) Englishspeaking patient. Exclusion criteria included the absence of an ACE assessment at follow-up. The ACE assessment was performed at each outpatient visit. Retrospective electronic chart review and appropriate statistical analysis were performed. Outpatient follow-up included serial assessment with the ACE Physician/Clinician Office Version available on the CDC website (www.cdc.gov/headsup/pdfs/providers/ ace-a.pdf). Figure 1 shows a copy of the form.
results
Ninety-one patients with mTBI in 2012 and 2013 were identified. Thirty-eight patients were less than 5 years of age, and 8 patients lacked available ACE documentation on follow-up. These 46 patients were excluded from the study, leaving 45 patients who met inclusion criteria. An additional 12 patients were lost to follow-up (did not keep any posthospitalization clinic appointments), leaving 33 patients with reliable data for study ( Table 2 ). The mean patient age was 11.6 years (range 5-17 years). Twenty-nine (87%) were male. Mechanisms of injury included sports (15 patients), isolated falls (10), and motor vehicle crash (8) . Preinjury developmental and/or psychiatric diagnoses (e.g., attention deficit hyperactivity disorder) had been made in 6. Sixteen had positive findings on head CTs (Table 3) .
All patients were scheduled to be seen in clinic, and the first follow-up occurred at a mean of 30 days after injury. Eighteen patients required only 1 follow-up visit. The mean number of symptoms reported at first follow-up on ACE inventory was 3.2. The most prevalent symptoms at first follow-up were headaches (58%), irritability (27%), dizziness (24%), feeling mentally foggy (18%), fatigue (18%), sleeping more than usual (18%), sadness (15%), and difficulty concentrating (15%) ( Table 4 ). Symptoms were reported in the physical, cognitive, emotional, and sleep categories by 60%, 24%, 27% and 30% of patients, respectively. Twelve patients were symptom-free at first followup. The average number of follow-up appointments for all patients was 1.67 visits and the average duration of followup was 11.13 weeks.
Patients without developmental and/or psychiatric comorbidities averaged 2.7 symptoms at first follow-up, whereas the 6 patients with developmental and/or psychiatric comorbidities averaged 5.7 symptoms (p = 0.16). Patients with developmental and/or psychiatric comorbidities required extended follow-up, requiring 1.83 visits, versus 1.63 visits in patients without these comorbidities (p = 0.36). These patients with comorbidities also required 11.91 weeks versus 11.13 weeks of follow-up in patients without these comorbidities (p = 0.42). These results were not statistically significant. Patients reporting a significant symptom burden persisting longer than 1-2 visits were referred on for additional testing and follow-up visits. Three of the 6 patients with developmental and/or psychiatric comorbidities were referred to other providers, including outpatient rehabilitation for postconcussive symptoms, neurology for ongoing headache management, or sports medicine for return to play. Thus, their length of follow-up may not have been accurately captured because their care was transferred to other physicians.
Patients with negative results on head CT averaged 2.8 symptoms, and patients with skull fracture or intracranial blood averaged 3.6 symptoms at follow-up (p = 0.31). Patients with positive head CT results required 1.81 visits, versus 1.53 visits in patients with negative results on head CT (p = 0.17). These patients with positive CT findings also required 14.59 weeks, versus 7.87 weeks of followup in patients with negative head CT findings (p < 0.05) ( Table 5 ).
Discussion
The 4th International Conference on Concussion in Sport was held in Zurich in November 2012. At that conference, a concussion was defined as "a complex pathophysiological process affecting the brain, induced by biomechanical forces." 12 Resolution of the clinical and cognitive symptoms of concussion typically follows a sequential course, which may be prolonged in some cases. 6, 12, 15 Postconcussive syndrome or persistent concussive symptoms classically consist of sequelae that may occur, resulting in somatic, cognitive, and neuropsychological issues. These postconcussive-like symptoms are also seen in other types of mTBI, such as linear skull fractures, in which the patient may also have symptoms concordant with those described as concussion. The incidence of these symptoms in children ranges from 6% to 25%, but they usually improve within 1 week. 16 However, symptoms may persist for weeks or months in some patients, with as many as 58.5% of individuals symptomatic at 1 month, 11% at 3 months, and 2.3% beyond 1 year, according to a study published in Pediatrics.
1 Studies like these serve to highlight the importance of patient follow-up and the identification of patients struggling with protracted recovery. Our findings suggest that patients with radiographic abnormalities on initial imaging, as well as those with preexisting developmental and/or psychiatric comorbidities, trended toward a protracted recovery following mTBI, as evidenced by more symptoms on administration of the ACE inventory and a statistically significant extended length of follow-up in the patients with positive CT findings. All patients with developmental and/or psychiatric comorbidities had attention deficit hyperactivity disorder, and 2 patients had concurrent depression and bipolar disorder diagnoses, respectively. Although only duration of follow-up in patients with positive versus negative CT findings achieved statistical significance, there was a distinct trend for those patients with developmental and/or psychiatric comorbidities to report more symptoms than their counterparts without these comorbidities.
A great deal of attention has been directed to the evaluation of patients with mTBI when "return to play" is an issue. However, children who are not involved in team sports also suffer mTBI injuries. Experts at the 4th International Conference on Concussion in Sport in Zurich recommended that children with concussion should be managed conservatively, with an emphasis on return to school before return to play. 12 Although there are established criteria and resources regarding return to play for athletes, there is limited guidance and lack of a structured systematic return to school protocol for nonathletes and school-age children. Guidelines suggest cognitive rest and academic accommodations, such as reduced workload and extended time for tests. 7 However, serial systematic evaluation of the patient is required to understand the level of symptom burden and to translate symptomatology to appropriate treatment and management recommendations. Moreover, the newest tests, the SCAT3 and Child SCAT3, remain more applicable to sports injuries, limiting their utility in nonsports injuries and younger children. 13, 14 The ACE tool endorsed by the CDC evaluates children in a nonsports-injury context. 2,4,5 The clinician's office version systematically guides the physician through an assessment of injury characteristics, a symptoms checklist, and risk factors for protracted recovery. This allows for a structured evaluation resulting in early identification of children who are having difficulty with recovery, while educating the parents and provider on symptoms to watch for in the recovery period. This in turn allows for early referral to appropriate providers (e.g., outpatient rehabilitation programs, neuropsychological testing) and provides evidence to support academic accommodations and/or interventions in school-age children with protracted recoveries.
serial ace
The ACE tool may be used for systematic serial evaluations of pediatric patients with mTBI. The form was developed to enable physicians to use an evidence-based protocol as an initial and serial evaluation of patients suspected to have mTBI. It includes 3 major components for evaluation: characteristics of injury, type and severity of symptoms, and risk factors for protracted recovery. The symptoms checklist is divided into 4 domains: physical, cognitive, emotional, and sleep (Fig. 1) .
2,4,5 It queries whether the symptoms worsen with physical or cognitive activity. We have found it useful to ask both the patient and the parent or caregiver items from the symptom inventory, because sometimes the patient may minimize symptoms that the parent notes, and/or vice versa. Risk factors for protracted recovery include number and characteristics of previous concussions; history of previous headaches or migraines; developmental history, including assessment of learning disabilities and attention deficit hyperactivity disorder; as well as psychiatric comorbidities such as a history of anxiety, depression, sleep disorder, or other psychiatric condition.
In this study, the ACE was administered by the senior author during the outpatient clinic visit(s). It took approximately 2 minutes to ask the patient and family the questions on the form, which were concentrated on the symptom checklist in section B (Fig. 1) . The injury characteristics in section A had been previously gathered as part of the admission process during the initial hospitalization, as had the risk factors for protracted recovery in section C.
Serial assessments of the frequency and duration of symptoms guide the clinician in providing care and appropriate referrals. Persistent reports of ongoing symptomatology as well as knowledge of risk factors for protracted recovery provide a basis for early identification of at-risk patients, enabling more timely referrals for physical and cognitive rehabilitation, neuropsychological testing, and implementation of school accommodations. The tool is available in the public domain through the CDC website, takes minutes to administer, and does not add to the cost of patient care. Moreover, the assessment is concrete and reproducible, focusing the clinician on important historical elements and allowing both the clinician and parents to gauge the quality and frequency of symptoms progressively over time.
The ACE care plan serves to educate parents on gradual return to daily activities, school, and sports, while allowing adequate recovery without exacerbating symptoms.
2,4,5 Use of the ACE assessment was evaluated in the emergency department setting by Zuckerbraun et al. 17 In that study, the authors thought that the use of the ACE tool in the emergency department increased patients' mean reported total postconcussion symptom scores and that the self-reported return to normal activity was significantly longer. This result was attributed to enhanced knowledge of concussion symptomatology and improved observance of emergency department discharge instructions. Additionally, the investigators demonstrated increased patient follow-up and improved recall of and adherence to emergency department discharge recommendations. In summary, the ACE assessment provides a systematic protocol for mTBI diagnosis and evaluation, and assists in providing appropriate clinical guidance for patient management and referral.
other tools: scat 3 and imPact The SCAT3 and Child SCAT3 are standardized tools for evaluating injured, potentially concussed athletes, age 13 years and older and ages 5-12, respectively. 7, 14 Both of these tools are more applicable to sports and patients intending to return to play. There is less systematic guidance for children injured through nonsports-related mechanisms whose goal is to return to school. The ImPACT Concussion Management Model is a 5-step multidisciplinary approach to concussion treatment for athletes. It includes a partnership between health care professionals, athletic trainers, and parents to provide training and resources before, during, and after a concussion occurs. This 30-minute computer-administered test requires a comparative baseline prior to the beginning of the sports season and is typically administered in a separate, quiet room in the clinic. Although baseline studies may be free, fees may be associated with postinjury test administration. 8 Unlike its predecessors, the ACE assessment is universally applicable to multiple age groups and is not limited to sports-related mechanisms of injury; therefore, it can be used in the context of return to school activities. Moreover, it is free, portable, easily administered, and can be used to recognize patients who experience physical, cognitive, emotional, and sleep difficulties postconcussion.
2, 4, 5 In this study, we reported on use of the ACE tool in children age 5 or older, although we have used it in children younger than 5 years. In younger children we have had to rely more on the parental report of symptoms because some of the children did not have the language skills to discuss symptoms. We believe it was beneficial in providing an organized framework for evaluating how the patients were doing postinjury as well.
limitations and Future Directions
The findings in this study must be interpreted in the context of its limitations. Previous studies have demonstrated that longitudinal research on pediatric TBI has high rates of attrition. In 1 study, only 32% of patients followed up with a primary care provider or concussion specialist by Week 4 after their injury, and 39% reported no followup after their emergency department visit for concussion. 13 From the original 91 patients with mTBI, 12 children were lost to follow-up. These results are probably due to patients moving away, communication obstacles, transportation difficulties in keeping the appointment, and lack of followup at the family's discretion due to symptom improvement. The latter may have resulted in overreporting the number of patients with problems if one hypothesizes that the patients who were doing well may not have come back for follow-up. Although this study suggests that patients with psychiatric and/or developmental comorbidities and positive CT findings trended toward longer follow-up duration and increased number of symptoms on ACE inventory, the results are limited by the small sample size. Recall bias is a potential limitation because patients were required to remember their symptoms over a period of time. However, by interviewing both the accompanying family members and the patient, we believe that more complete symptom data were obtained, diminishing recall bias.
conclusions
We believe that the value of extended follow-up in patients with mTBI is couched in early identification of patients who are having persistent problems. It is recognized that mTBI is not as mild as was once thought for many patients. More than half (60%) of patients in our study had persistent mTBI symptoms at the first clinic visit. A systematic evaluation of the patient and the patient's symptomatology assists in early identification of those at risk (who may not have attributed their symptoms to concussive sequelae) and educates the parents or caregivers on what to watch for. It has been our experience that many of these patients have difficulty in school after mTBI, and that schools often do not appropriately identify patients as having issues related to concussion and thus do not offer academic accommodations to these patients without intervention from a health care provider. Primary care providers are often not comfortable managing these issues. We believe that early identification and intervention ultimately results in better outcomes for these patients, and cuts down the number of patient and/or family calls and unscheduled visits to the emergency department for persistent symptoms.
Our data suggest that in patients with mTBI, those with developmental and/or psychiatric comorbidities, or cerebral or calvarial injury trended toward an increased number and prolonged duration of symptoms after injury compared with those without these comorbidities or concurrent injuries. Despite a lack of statistical significance, the results demonstrate a tendency toward a more difficult recovery for patients with psychiatric and/or developmental comorbidities. The results of this study promote the need for appropriate management and referral of pediatric patients with mTBI and comorbid psychiatric diagnoses or concurrent cerebral and calvarial injury. When symptoms persist over time, referral to specialized cognitive rehabilitation and neuropsychological testing is suggested to ensure optimal recovery from symptoms with appropriate professional guidance. Systematic serial ACE assessments are useful in guiding clinicians in providing care and for parental and school counseling. Universally applicable to multiple ages and mechanisms of injury, this evaluation provides a basis for early identification of at-risk patients, enabling more timely referrals for cognitive rehabilitation and neuropsychological testing. 
